In a population based register of stroke (n = 536) compiled in Perth, Western Australia during an 18 month period in 1989-90, 60 cases (11%) of primary intracerebral haemorrhage were identified among 56 persons (52% men). The mean age of these patients was 68 (range 23-93) and 46 (77%) events were first ever strokes. The crude annual incidence was 35 per 100 000, with a peak in the eighth decade, and a male predominance. Deep and lobar haemorrhages each accounted for almost one third of all cases. The clinical presentations included sudden coma (12%), headache (8%), seizures (8%), and pure sensory-motor stroke (3%). Primary intracerebral haemorrhage was the first presentation of leukaemia in two cases (both fatal) and it followed an alcoholic binge in four cases. 55% had a history of hypertension. 16 (27%) patients, half of whom had a history of hypertension, were taking antiplatelet agents, and one patient was taking warfarin. There were only two confirmed cases of amyloid angiopathy. The overall 28 day case fatality was 35%, but this varied from 100% for haemorrhages in the brainstem to 22% for those in the basal ganglionic or thalamic region. Other predictors of early death were intraventricular extension of blood, volume of haematoma, mass effect, and coma and severe paresis at onset. Although based on small numbers, these data confirm the heterogeneous nature of primary intracerebral haemorrhage, but they also suggest a different clinical spectrum of this type of stroke in the community compared with the experience of specialist neurological units. (7 Neurol Neurosurg Psychiatry 1994;57:936-940) For many years medical thinking about the aetiology of primary intracerebral haemorrhage (PICH) has been dominated by the influence of chronic hypertension and a characteristic vasculopathy of the penetrating branches of major cerebral arteries called lipohyalinosis.' Since the advent of CT, however, there has been a reappraisal of the pathogenesis for this uncommon but most lethal subtype of stroke.23 This instrument has given clinicians the ability to distinguish PICH from cerebral infarction accurately, rather than relying on correlation of the symptoms and signs with the findings at necropsy in the subset of patients for whom such data become available. Moreover, it is now possible to diagnose small, peripheral (lobar) PICHs that might have been misdiagnosed as cerebral infarction in the pre-CT era.4 Although hypertension remains the prominent risk factor for PICH,5 the frequency of massive ganglionic PICH seems to have diminished over
(3%). Primary intracerebral haemorrhage was the first presentation of leukaemia in two cases (both fatal) and it followed an alcoholic binge in four cases. 55% had a history of hypertension. 16 (27%) patients, half of whom had a history of hypertension, were taking antiplatelet agents, and one patient was taking warfarin. There were only two confirmed cases of amyloid angiopathy. The overall 28 day case fatality was 35%, but this varied from 100% for haemorrhages in the brainstem to 22% for those in the basal ganglionic or thalamic region. Other predictors of early death were intraventricular extension of blood, volume of haematoma, mass effect, and coma and severe paresis at onset. Although based on small numbers, these data confirm the heterogeneous nature of primary intracerebral haemorrhage, but they also suggest a different clinical spectrum of this type of stroke in the community compared with the experience of specialist neurological units. For many years medical thinking about the aetiology of primary intracerebral haemorrhage (PICH) has been dominated by the influence of chronic hypertension and a characteristic vasculopathy of the penetrating branches of major cerebral arteries called lipohyalinosis.' Since the advent of CT, however, there has been a reappraisal of the pathogenesis for this uncommon but most lethal subtype of stroke. 23 This instrument has given clinicians the ability to distinguish PICH from cerebral infarction accurately, rather than relying on correlation of the symptoms and signs with the findings at necropsy in the subset of patients for whom such data become available. Moreover, it is now possible to diagnose small, peripheral (lobar) PICHs that might have been misdiagnosed as cerebral infarction in the pre-CT era. 4 Although hypertension remains the prominent risk factor for PICH,5 the frequency of massive ganglionic PICH seems to have diminished over the past few decades corresponding to improved detection and treatment of hypertension.6 Whereas cerebral amyloid angiopathy has emerged as an important cause of lobar PICH, various other causes for secondary intracerebral haemorrhage have been recognised, including arteriovenous malformations, recreational drug abuse, antithrombotic agents, and anticoagulation treatment. 7 Clearly, accurate identification of risk factors that predispose to PICH and the implementation of activities to eliminate or diminish their impact is essential to reduce the mortality and morbidity associated with this condition. Information on the natural history of PICH is also needed so that new treatments can be developed and evaluated. Although several hospital based stroke registries, both overseas8-" and in Australia,12 13 have reported the proportional frequencies and risk factors for PICH, they are complicated by selection bias that leads to an emphasis on strokes that are severe and require admission to hospital, and excludes those cases that are rapidly fatal.'4 Population based studies, on the other hand, can provide the necessary data for planning prevention programmes for cerebrovascular disease, but due principally to methodological difficulties there is a scarcity of such information.4-6 18 The present study, part of a large, population based study of cerebrovascular disease in Perth, Western Australia, was undertaken to describe the incidence and outcome of PICH. For each case, a neurology registrar (CSA) recorded clinical details, usually by personal interview (median delay of five days from onset) and then reviewed the relevant CT or MRI films, or necropsies, or both with a neuroradiologist or neuropathologist who was associated with the study. We applied criteria that combined clinical data with the results of cerebral imaging or necropsy so that 86% of the 536 stroke events on the register could be classified into several pathologically distinct subtypes. The criteria for these specific subtypes have been published.'4 Briefly, the subtypes identified were types of cerebral infarction-namely, large artery occlusive, embolic, lacunar, and boundary zone-PICH, and subarachnoid haemorrhage. Where there was neither brain imaging nor necropsy, the strokes were defined as being of undetermined type. A PICH was defined as an acute stroke in which necropsy or CT demonstrates the origin of haemorrhage as the cerebral parenchyma. Traumatic intracerebral haemorrhage, haemorrhagic transformation of a cerebral infarct, and haematoma associated with a ruptured aneurysm were excluded by further investigations such as repeat brain imaging or cerebral angiography. Each brain region that contained haemorrhage was recorded and the origin classified into one of the following sites: deep (caudate, putamen, globus pallidus, thalamus, internal capsule, and deep periventricular white matter); lobar (specific cortical and subcortical locations); cerebellar; and brainstem. Cases of large haemorrhage where it was impossible to distinguish between deep and lobar regions as the site of origin, or to localise a haematoma to a specific cortical lobe, were classified as massive cortical or subcortical haemorrhage. The volume of each haemorrhage was estimated by multiplying the greatest sagittal, transverse, and coronal measures from the CT or brain slices, and graded as mild (<50 cm3), moderate (50-100 cm3), or massive (> 100 cm3). Mass effect was quantified according to whether or not there was compression of surrounding structures and midline shift of the pineal or septum pellucidum. 
Methods

Results
The Perth Community Stroke Study register included a total of 536 events that met the World Health Organisation criteria for stroke. Of these, 60 (11 %) cases were cases of PICH and these occurred among 56 patients (52% men). The mean age was 68 (range 23-93) and 46 (77%) events were first ever in a lifetime (first ever) strokes. PICH was confirmed by CT (in 80%) or necropsy (20%); 20% had both investigations. The median delay between the onset of symptoms and CT was four (range 1-15) days. ischaemic attacks preceded a PICH by several months in one case (normal CT performed within one week of onset), and one week in another case (CT not performed). A stuttering onset to the PICH occurred in three cases; one over a month and the other two over several days. Two patients were found dead and had coroner's necropsy examinations. Five cases were managed entirely outside an acute hospital. No case had surgical evacuation of the PICH. Table 2 shows the age and sex specific annual incidence for PICH in this population. The total crude annual incidence was 35 (95% CI 24-46) per 100 000 population. Although the 95% CIs for the sex specific rates were wide and overlapped because of the small numbers, the rates generally increased with age. Table 3 outlines the site of localisation of PICH. Deep and lobar haemorrhage each accounted for almost one third of the events. Table 4 presents data on the outcome from PICH. The overall 28 day case fatality was 35% (95% CI 23-47%), but this varied according to the site of haemorrhage (brainstem (100%); massive cortical (54%); cerebellum (30%); deep (22%); and lobar (21%)). The prognosis for these sites showed significant heterogeneity (/24 = 12-4, p = 0-01). Two thirds of all deaths within the first month occurred during the first four-days after onset of PICH. Seventy five per cent (95% CI 64-86%) of patients were either dead or disabled by four months after the onset of symptoms. Although the numbers are small, the tendency was for PICH in, the brainstem to be the most lethal, whereas those in the cerebellum were the least disabling. Table 5 outlines several variables identified by Some studies have suggested that hypertension is more likely to be present and implicated as the aetiology of PICH when the haemorrhage is deep rather than lobar, and that among the elderly, amyloid angiography is a more important cause of PICH than hypertension.46 We found no difference in the prevalence of hypertension between the different sites of PICH, although we recognise that the retrospective assessment of hypertension is difficult, and hypertensive vasculopathy and amyloid angiopathy may coexist in the same patient. Although systemic neuropathological correlation of the clinical features is highly desirable to clarify the precise role of amyloid angiopathy in the pathogenesis of PICH, this study exemplifies the low yield (only two confirmed cases) from necropsy data. Small lobar haemorrhages carry a low mortality and there are logistical difficulties with long-term follow up of elderly patients.
In this population, recent heavy alcohol consumption emerged as an important risk factor for PICH, whereas cerebrovascular sequelae of use of amphetamines and other illicit drugs seem rare. Alcohol has been shown to increase the risk of both haemorrhagic (PICH and subarachnoid haemorrhage) and ischaemic stroke.25-28 Although numerous mechanisms exist by which heavy use of alcohol may predispose to stroke,29 those particularly relevant to PICH include raised blood pressure and its inhibitory effects on platelet function. It was interesting that our four cases who presented after an alcoholic binge were all hypertensive at onset, but only one patient required long-term antihypertensive treatment. We cannot exclude undiagnosed amyloidosis or cryptic angiomas as a cause of a small proportion of our cases.
A high fatality is associated with PICH, with most deaths occurring within the first few days of onset. The most important predictors of early mortality are the site and extent of PICH, which are reflected in three simple clinical variables: loss of consciousness, paresis, and incontinence. In common with other studies, volume of haemorrhage and presence of intraventricular extension of haemorrhage were also associated with a poor outcome. 18 30-32 Cerebellar haemorrhage carried the best prognosis in terms of disability free survival.
Despite the heterogeneity and high mortality of PICH, it remains a major diagnostic and therapeutic challenge to clinicians. Although this study supports the importance of avoidable risk factors such as hypertension and heavy alcohol consumption in the aetiology of PICH, further work needs to be directed at establishing the exact relation between hypertensive vasculopathy, amyloid angiopathy, small vascular anomalies, and iatrogenic factors. Once PICH has occurred, early operative intervention may be beneficial. Clinical trials of such treatment could use simple clinical variables such as level of consciousness, size and site of haematoma, and the presence of intraventricular extension of haemorrhage as a guide to prognosis and stratification.
